In many parts of the world, including Europe, embryonic and larval fish are not protected by scientific legislation until they are capable of independent feeding. This is based upon the premise that, before this point, the embryos or larval fishes are not sufficiently developed to experience pain or do not experience it to the same extent as adults. As such, these young forms are not believed to suffer when subjected to pain, stress or distress. 1 Given the distinct advantages that the zebrafish (Danio rerio) presents as a model organism, this species has been widely adopted in a variety of contexts, including biomedical, pharmaceutical and toxicological studies. 2 This is mainly due to the similarities in molecular biology, physiology and behaviour, which allow the zebrafish to be used as a substitute for mammals, including humans. 3 Studies with young forms of zebrafish often adopt a high-throughput screening approach, with large numbers of them often being kept in 96-well plates, which permits the assessment of changes in vivo in this high number of individuals at one time by using various technological advances. In effect, zebrafish embryos and larvae, maintained for up to five days post-fertilisation (dpf) at 28.5°C, are considered to be acceptable replacements for adult vertebrates. 4, 5 For example, the fish embryo toxicity (FET) test, which lasts for four dpf in experiments with zebrafish, 6 correlates well with the results from adult acute toxicity tests. 7, 8 The Organisation for Economic Co-operation and Development (OECD) has approved the FET test as OECD Test Guideline No. 236. 9 As these young forms of fish are not protected in some countries, it is possible that the numbers used in experiments could go unreported. In addition, their use does not require the acquisition of formal permissions or licences, but institutional ethics review sometimes needs to be sought. For example, calculating the minimum number of animals required to effectively test the hypothesis of any study is a priority when employing protected adult zebrafish, and I would suggest that the same principle should be applied to non-protected larvae, regardless of their omission from regulations on animal experimentation. It would be ethically unjustifiable to use large numbers just because the law does not prevent it. Further, if these larvae up to five dpf are valid replacements for experimental models and show similar responses to adults, this does beg the following question: Should we protect these young forms, or at least consider lowering the age of protection, if evidence exists that unprotected larval zebrafish respond to painful, stressful and fear-eliciting stimuli, are capable of learning, and can respond to external stimuli?
Recent studies have demonstrated that larvae five dpf respond to pain-causing stimuli in the same manner as adult zebrafish. When exposed to potentially painful stimuli, acidic chemicals and hot temperature, the larvae significantly reduce their activity. [10] [11] [12] This reduction in activity has been observed in adults in a variety of studies after painful treatments. [13] [14] [15] Administering pain-relieving drugs to both larvae and adults prevented the decrease in activity in these experiments; therefore, the underlying mechanisms involved are likely to be similar between larvae five dpf and adults. Compared with the painful treatment, the five dpf larvae responded differently to physical stress and a predator cue which elicits fear. Prior exposure to fear or stress ameliorated the responses to painful treatment, and this is the first evidence of stressinduced analgesia in larval zebrafish. 16 Thus, at this very early stage of development, the central mechanisms underlying the reactions to pain, fear and stress are already active.
Other evidence confirms that five dpf larval zebrafish mount a physiological stress response, and are able to learn; real-time imaging of brain activity demonstrates that incoming visual information alters their behaviour. The stress response in zebrafish is fully formed by five dpf, and at this stage the animals exhibit changes in activity in a light:dark test -typically, animals show more activity in a dark area than the anxiety-causing light area. 17 These young forms also exhibit a startle response, and can habituate to repeated presentations of acoustic stimuli. 17 They also show learning in the form of habituation to touch from two dpf, and to acoustic stimuli at five dpf. 18 Further classical conditioning, where animals learn to associate an unconditioned cue with an event or stimulus presentation, begins to emerge from five dpf. 18 Imaging studies investigating how neuronal activity in the brain is coupled with behaviour can shed light on how developed the brain is in five dpf zebrafish. For example, when presented with a prey item, the hypothalamus is activated during detection, with prey detector neurons identified in the pretectal area that directly project to the hypothalamic feeding centre, as seen in adult fish. 19 Thus, five dpf larvae use real-time visual information to detect and attack prey, demonstrating their awareness of external stimuli, and the ability to respond and alter their behaviour accordingly. Furthermore, brain imaging techniques have detected forebrain and midbrain activity when five dpf larvae are exposed to potentially painful stimuli; this is not restricted to hindbrain or reflex centres, 20 so these are not simple nociceptive reflexes, since higher brain areas are responsive. Taken together, these results suggest the possibility that five dpf larvae experience a myriad of stimuli -in particular, those that lead to pain, fear and stress in adults -and exhibit the same responses that adult zebrafish do. This provides a compelling case for protecting larval zebrafish in legislation and guidelines with respect to their use in scientific procedures.
Broom 21 presents a modern definition of sentience, and states that a sentient being has some ability to learn and remember, experiences some feelings (e.g. pain, fear, stress), and has some awareness of external stimuli. The empirical studies described above demonstrate that five dpf zebrafish can learn to stop responding to nonthreatening repeated acoustic cues, exhibit both brain and behavioural responses to potentially painful treatment, and can react to stress and feareliciting stimuli, all of which can be modulated by a range of drugs.
The similarity of the responses between five dpf larvae and adult zebrafish provides validation for the use of larvae up to five dpf as replacement for adults, and much of the legislation surrounding ethical experimentation encourages researchers to use non-protected forms, in order to reduce the numbers of animals used in experiments. 5 Ironically, these young fish are sentient animals, but without legislative protection -thus there are no reporting requirements, which means that the actual numbers of larvae used annually in experiments are currently unknown. Clearly, the age of protection of zebrafish needs further deliberation, and questions regarding the validity of the five dpf cut-off point should be addressed.
Our group has now published empirical data, which demonstrate the development of learning, brain reactivity, and responses to painful, fearful and stressful treatments for five dpf zebrafish. In the light of these data, decisions regarding the age of protection can now be informed by science. The revision of scientific legislation and experimental guidelines should address this, by carefully considering the empirical evidence for negative affective states, brain activity and behavioural reactivity in larval zebrafish. Of course, we do encounter the 'other minds' issue here, in that we cannot know how these young zebrafish, or any other animal, truly feels, nor how intensely these young forms experience events that result in adverse affective states in adults. However, if the data collected from larval zebrafish are comparable with those of adults, then it would be prudent to accept that their welfare may be affected in a similar way when exposed to treatments that result in stress, pain, fear or distress. This supports the proposition that the age of protection should be lowered to ensure that the use of larval zebrafish is regulated and subject to the same ethical principles as that of adults.
Lowering the cut-off point to four dpf (at 28.5°C) could be based upon the fact that the swim bladder, which allows spontaneous movement, inflates after four dpf and that, below four dpf, zebrafish larvae do not feed. 4 Furthermore, this concept should be investigated for other species where the 'first feed' principle is applied as an arbitrary cutoff point. We must determine whether this is a reliable means of deciding on the need for protective measures for young forms of cephalopods and vertebrates under scientific legislation. Future studies in this area would be beneficial, to ensure that decisions that are made are based on valid scientific knowledge, and that we continue to advance the ethical treatment of animals used in experimentation. 
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